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Why GalnP?

High Energy Physics experiments are high radiation environments. While SiPMs
lead in HEP light detection, they are not optimized for radiation hardness. We are

looking for Geiger Mode APDs made from materials designed to withstand our
harsh radiation conditions.
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The Devices

10 devices per chip, two new generations of device
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Light Sensitivity
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Characteristic “hockey stick” shape of
IV curves. Gen5.1 has breakdowns
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Dark Pulse Comparisons
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Using light to probe damage
Total Internal Reflectance Fluorescence (TIRF)

microscope at the W.M Keck Center for Cellular Imaging at
Took 10 peattne v ging
second

exposures

Emission Spectra
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First llluminations

Vey =145V Vex = 1.65V Vix =175V
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On non-irradiated chip, higher
overvoltage needed to emit light.
Light appears to come uniformly out
of entire active area.
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On non-irradiated chip, we saw hotspots at standard
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F|rst IIIummatlons
— — Genb.2

On non-irradiated chip, we saw hotspots at standard
overvoltages, indicating crystal defects. Source of increased
dark count rate.

Genb5.1
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Gend.1 capacitor channel damage
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Genb5.1
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However,
radiation damage
seems to be in
same place as
emitted light of
unirradiated chips
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produces
hotspots across
entire active
area, similar to
non-irradiated

light emission.12




Vex =365V

Gend.1 non cap

Non-capacitor channels make it clear
that the entire active area emits, and
reveals that all exposed GalnP takes
damage, alluding to lattice damage.
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Do not know
depth of
damage.




Conclusions

Functional Geiger-mode APDs can be made of GalnP

Images of light emission from the devices can be used to understand radiation
damage and device active structure

GalnP APDs seem to show similar bulk damage effects to SiPMs, but are far less
optimized devices / quality of materials

Gen 6 should arrive this summer, and we will continue radiation damage and light
emission studies
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More Information and Backup slides



SiPM Damage
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Amount of light , Gen5.1
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Hot spots burn brighter than
SiPMs, but still comparable.
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Amount of Light, Gen5.2
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Photon Detection Efficiency
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Gen5.1 non-capacitor channel
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Device Structure

Implant Isolation
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